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© Electric power producing system using molten carbonate type fuel cell. 



© An electric power producing system using a 
molten carbonate type fuel cell (25) comprises a fuel 
cell (25) whose anode chamber (27) is fed with 
hydrogen gas and whose cathode chamber (28) is 
fed with air (43) and carbon dioxide and a reformer 
(26) including a reforming chamber (29) for reform- 
ing fuel gas (31) into anode gas and a combustion 
chamber (30) for maintaining the reforming chamber 
temperature. In the reformer (26) fuel gas (31) and 
steam (36) are fed into the reforming chamber (29), 
the gases discharged from the anode chamber (27) 
are introduced into the combustion chamber (30) 
and non-reacted gases in the anode exhaust gas are 
burned with air (43), and heat produced by the 
combustion is utilized to heat the reforming chamber 
(29). Hydrogen-rich gas produced in the reforming 
chamber (29) is fed into the anode chamber (27), air 
(43) is introduced into the cathode chamber (28). the 
cathode exhaust gas is partially fed into the combus- 
tion chamber (30) whereas the remainder is dis- 
charged from the system (48). and the combustion 
gas from the combustion chamber (30) is separated 
from water and then recirculated into the cathode 
chamber (28). The anode exhaust gas and the cath- 
ode exhaust gas are directly introduced into the 
combustion chamber (30) so that the pressure in the 
anode and cathode chambers (27,28) is equalized. 
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The present invention relates to an electric 
power producing system using molten carbonate 
type fuel cell, and particularly to such a system 
whose differential pressure between cathode and 
anode chambers is reduced. 

Fuel cell produces eletricity and water at the 
same time through a chemical reaction of hydrogen 
of fuel and oxygen of air, which reaction is a 
reversal reaction of electrodialysis of water. Gen- 
erally, a fuel cell comprises an electrolyte plate, an 
air electrode (cathode electrode) and a fuel elec- 
trode (anode electrode), and the electrolyte plate is 
sandwiched between these two electrodes. Fuel 
gas such as hydrogen is fed to the anode and the 
air containing carbon dioxide is fed to the cathode, 
the above-mentioned chemical reaction occurs to 
produce electric potential difference (or electric 
power) between the cathode and the anode. The 
power generation system also comprises a reform- 
er which includes a reforming chamber and a com- 
bustion chamber. The fuel gas such as natural gas 
(NG) is reformed to a hydrogen-rich gas via the 
reformer. The fuel gas reacts with steam in the 
reforming chamber to be reformed to hydrogen gas 
and carbon monoxide gas. The reforming chamber 
is heated by heat from the combustion chamber in 
which fuel gas and air undergo combustion. 

Referring to Figure 2 of the accompanying 
drawings, which illustrates a conventional power 
generation system using molten carbonate type 
fuel cells, numeral 1. denotes the fuel cell, 2 de- 
notes the anode chamber, 3 denotes the cathode 
chamber, 4 denotes the reformer, 5 denotes the 
reforming chamber and 6 the combustion chamber. 

The fuel gas 7 such as NG is preheated by a 
fuel preheater 8 and desulfurized by a desulfurizer 
9. Then, the fuel gas 7 is led into an ejector 10 and 
then into the reforming chamber 5 of the reformer 

4 with the steam 11. Water is changed into the 
steam 11 via an evaporator (preheater) 12 and a 
superheater 13 and introduced into the ejector 10. 
Then, the steam 11 reaches the reforming chamber 

5 of the reformer 4 with the fuel gas 7, in which the 
fuel gas 7 and the steam 11 are reformed to 
hydrogen-rich gas, and~then introduced into - the~ 
anode chamber 2 of the fuel cell 1 . Gases from the 
anode chamber 2 (called "anode exhaust gas") are 
about 700 degrees C ( # C) in temperature and 
contain non-reacted hydrogen. Therefore, the con- 
densate is separated from the anode exhaust gas 
by a separator 18 via a first heat exchanger 14, a 
fuel preheater 8, a second heat exchanger 15, a 
heater 16 and a condenser 17: Then, the anode 
exhaust gas is fed into the combustion chamber 6 
of the reformer 4, as fuel, via the second heat 
exchanger 15 and the first heat exchanger 17 by a 
blower 19. The temperature of the anode exhaust 
gas fed into the combustion chamber 6 is about 



500 degrees C. 

Air 20 is fed into an air preheater 22 by the 
blower 21 and preheated by part of the gases 
discharged from the cathode chamber 3. Then, part 

5 of the air 20 is fed into the chathode chamber 3 
whereas the remainder is fed into the combustion 
chamber 6 of the reformer 4. Non-reacted hy- 
drogen contained in the anode exhaust gas is com- 
busted in the combustion chamber 6, and the com- 

w bustion heat thereupon helps to maintain the re- 
forming reaction of the fuel gas 7 with the steam 
11 in the reforming chamber 5. Combustion fuel 
gas such as carbon dioxide is supplied to . the 
cathode chamber 3. 

is Fuel used in the reformer 4 is the anode ex- 

.haust gas which is discharged from the anode 
chamber 2 and which contains hydrogen. The en- 
tire hydrogen is not consumed in the anode cham- 
ber 2. This fuel gas is condensed in the condenser 

20 17 and separated from water in the separator 18 
before reaching the combustion chamber 6 of the 
reformer 4. The air 20 which is preheated by the 
air preheater 22 and fed into the combustion cham- 
ber 6 is used for combustion of hydrogen con- 

25 tained in the anode exhaust gas. This combustion 
maintains the reaction temperature in the reforming 
chamber 5 of the reformer 4 at about 750 degrees 
C. 

In the above-described conventional power 
30 generation system using fuel cell, however, the 
electrolyte migration and depletion may occur 
when the pressure difference between the anode 
and cathode chambers exceeds a certain value 
since the electrolyte of the fuel cell is molten 
35 carbonate. If the electrolyte depletion occurs, pow- 
er generation is no longer expected. In order to 
overcome this problem or to maintain the pressure 
difference within an acceptable range, the pressure 
difference between anode gas and cathode gas has 
40 to be controlled. It is. however, difficult to control 
this pressure difference since the anode exhaust 
gas is introduced into the combustion chamber of 
the reformer via several devices such as a heat 
exchanger. The cathode exhaust gas is also dis- 
45 cha7g^^ia^i3vices"such~as a"heat exchanger. 

One object of the present invention is to pro- 
vide a power generation system using molten car- 
bonate type fuel cell whose pressure difference of 
the anode and cathode chambers is maintained 
so within a suitable range without controlling the pres- 
sure difference of entrance and exit of the anode 
and cathode chambers. 

Another object of the present invention is to 
compensate the pressure of the anode and cathode 
55 chambers and to recover great amounts of dis- 
charged heat produced in the system. 

According to one aspect of the present inven- 
tion, there is provided an electric power producing 
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system with a molten carbonate type fuel cell, 
comprising: 

a molten carbonate type fuel cell including an 
anode chamber and a cathode chamber, air and 
carbon dioxide being fed into the cathode chamber 
to cause power generation; and 
a reformer including a reforming chamber for re- 
forming fuel gas into anode gas and a combustion 
chamber for maintaining the reforming temperature 
of the reforming chamber, fuel gas and steam 
being fed into the reforming chamber to reform 
them into hydrogen-rich gas, the gases discharged 
from the anode chamber being introduced into the 
combustion chamber and non-reacted gases in the 
gases discharged from the anode chamber being 
burned with air, and heat produced by the combus- 
tion being utilized to heat the reforming chamber, 
characterized in that the fuel gas is fed into the 
reforming chamber of the reformer with steam, that 
hydrogen-rich gas produced in the reforming 
chamber is fed into the anode chamber of the 
molten carbonate type fuel cell, that air is intro- 
duced into the cathode chamber of the molten 
carbonate type fuel cell, that gases from the anode 
chamber are fed into the combustion chamber of 
the reformer, that part of the gases from the cath- 
ode chamber is fed into the combustion chamber 
whereas the remainder is discharged from the sys- 
tem, and that gases from the combustion chamber 
are separated from water and then recirculated into 
the cathode chamber. 

According to another aspect of the present 
invention, there is provided an electric power pro- 
ducing system with a molten carbonate type fuel 
cell, comprising: 

a molten carbonate type fuel cell including an 
electrolyte, an anode and a cathode, the electrolyte 
being sandwiched by the anode and cathode, the 
anode being provided with an anode chamber 
through which hydrogen gas is fed to the anode 
and the cathode being provided with a cathode 
chamber through which air and carbon dioxide are 
fed to the cathode; and 

a reformer including a reforming chamber for re- 
forming fuel gas with steam into anode gas and a 
combustion chamber for maintaining the reforming 
temperature of the reforming chamber, 
characterized in that the system further com- 
prises: 

a fuel feed line for feeding the fuel gas into the 
reforming chamber of the reformer; 
a steam feed line for feeding the steam into the 
fuel feed line; 

an anode gas feed line for feeding the anode gas 
produced in the reforming chamber into the anode 
chamber; 

a cathode gas feed line for feeding cathode gas 
into the cathode chamber; 



air feed means for introducing air into the cathode 
gas feed line; 

an anode exhaust gas line connecting the anode 
chamber with the combustion chamber for intro- 
5 ducing the gases discharged from the anode 
chamber into the combustion chamber; 
a cathode exhaust gas line connecting the cathode 
chamber with the combustion chamber for feeding 
the gases discharged from the cathode chamber 
10 into the combustion chamber; 

a cathode exhaust gas discharge line branched 
from the cathode exhaust gas line for discharging 
part of the gases discharged from the cathode 
chamber out of the system; and 
75 a recycle line connecting the combustion chamber 
with the cathode gas feed line for recirculating 
gases discharged from the combustion chamber 
into the cathode gas feed line. 

In the power generation system of the present 
20 invention, gases from the anode chamber (anode 
exhaust gas) and gases from the cathode chamber 
(cathode exhaust gas) are respectively and directly 
introduced into the combustion chamber so that the 
anode and cathode chambers are made equal in 
25 pressure, i.e., the pressure in two -chambers is 
compensated. Gases discharged from*the combus- 
tion chamber (combustion gas), too, are separated 
from water and heat-recovered, and then recir- 
culated as cathode gas so that exhaust heat is 
30 effectively recovered. 

Figure 1 is a block diagram showing one 
embodiment of the electric power- 
producing molten carbonate type 
fuel cell system of the present in- 
35 vention; and 

Figure 2 is a block diagram showing a prior 
art power generation system using 
molten carbonate type fuel cell. 
Now, a preferred embodiment of the present 
40 invention will be explained with reference to Figure 
1. 

In Figure 1. a fuel cell 25 and a reformer 26 
are identical with those illustrated in Figure 2 and 
described in the "Background Art" of this specifica- 

45 tion. The fuel cell 25 includes an electrolyte 25e, a 
porous anode 27a and a porous cathode 28c. The 
anode 27a and cathode 28c sandwich the elec- 
trolyte 25e at respectively one face thereof, and the 
anode 27a is provided with an anode chamber 27 

so at the other face thereof, and the cathode 28c is 
provided with a cathode chamber at the other face 
thereof. The reformer 26 includes a reforming 
chamber 29 and a combustion chamber 30. Re- 
forming catalyst is provided in the reforming cham- 

55 ber 29, and combustion catalyst is provided in the 
combustion chamber 30. 

Fuel gas 31 such as NG is fed through a fuel 
gas feed line 35 into the reforming chamber 29 of 
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the reformer 26 via a fuel gas preheater 32, a 
desulfurizer 33 and an ejector 34. Water 36 is fed 
through a steam feed line 40 to be vaporized by an 
evaporator 38 and a superheater 39, and then fed 
into the reforming chamber 29 of the reformer 26 
via an ejector 34. 

Hydrogen-rich gases discharged from the re- 
forming chamber 29 of the reformer 26 are sup- 
plied to the anode chamber 27 of the fuel cell 25 
via the fuel gas preheater 32. Gases discharged 
from the anode 27 (anode exhaust gas) are intro- 
duced into the combustion chamber 30 of the 
reformer 26 through an anode exhaust gas line 41a 
which is one of the pressure compensating line 41 . 

Air 43 is fed into the cathode chamber 28 via 
an air preheater 45 by a blower 44 through a 
cathode gas feed line 46. Part of the gases dis- 
charged from the cathode 28 (cathode exhaust 
gas) is led into the combustion chamber 30 of the 
reformer 26 through the other line 41b of the pres- 
sure compensating line 41. Other exhaust gases 
are expelled through an exhaust gas line 48 via the 
air preheater 45 and a heat exchanger 48. 

Gases burned in the combustion chamber 30 
of the reformer 26 are recirculated through a com- 
bustion exhaust gas line 52a to the cathode gas 
feed line 46 upstream of the air preheater 45 via 
the superheater 39 and evaporator 38. a condenser 
49 and a separator 50 by the blower 51. The 
combustion exhaust gas line 52a is a main line of 
the recirculation line 52. 

Water 36 is forced into the evaporator 38 and 
preheater 39 by a pump 37, combustion exhaust 
gas from the combustion chamber 30 of the re- 
former 26 is also forced thereinto, so that the water 
36 is vaporized to steam. The fuel gas 31 such as 
NG is in turn preheated by the fuel gas preheater 
32, desulfurized by the desulfurizer 33, led into the 
ejector 34 and introduced into the reforming cham- 
ber 29 of the reformer- 26 with the steam 

In the reforming chamber 29, the fuel gas 31 
and the steam 36 are reformed to hydrogen-rich 
gas and carbon monoxide, and then preheated by 
the preheater 32 before being led into the anode 
^h^6^27^rtheTuel~cell 25rTh^r^e^h~ausr 
gas discharged from the anode chamber 27 which 
contains non-reacted hydrogen gas is directly intro- 
duced into the combustion chamber 30 of the 
reformer 26 via the anode exhaust gas line 41a 
with a high temperature (about 700 degrees C) 
being maintained. 

Meantim , air 43 is forced into the air 
preheater by the air blower 44 and preheated by 
part of the cathode xhaust gas from the cathode 
chamber 28 of the fuel cell 25 before being fed to 
the cathode. Part of the cathode exhaust gas from 
the cathode 28 having a high temperature (about 
700 degrees C) is fed to the combustion chamber 



30 of the reformer 26 via the cathode exhaust gas 
line 41b. In this manner, exhaust gases from the 
anode chamber 27 and cathode chamber 30 are 
directly led into the combustion chamber 30 of the 
5 reformer 26 respectively. Therefore, the anode ex- 
haust gas and cathode exhaust gas compensate 
the pressure of the counterpart of each other via 
the combustion chamber 30. As a result, the elec- 
trode pressure difference between the anode 
10 chamber 27 and cathode chamber 28 becomes 
substantially zero. 

Hydrogen gas contained in the anode exhaust 
gas is burned in the combustion chamber 30. and 
the combustion heat maintains the temperature of 
75 the reforming chamber 29 at a predetermined value 
(about 750 {tegrees C>-so-that the fuel gas 31 and 
steam 36 flowing throoglvthe reforming chamber 
29 undergo the reforming reaction. 

Combustion exhaust gases such as carbon 
20 dioxide are condensed by the condenser 49 via the 
superheater 39 and the evaporator 38 on the steam 
line 40, and then condensed water is separated by 
the separator 50. After that, said gases are returned 
to the cathode 28c via the cathode feed line 46 by 
25 the blower 51. Then, reaction between hydrogen 
and oxygen occurs in the fuel cell 25 via the 
electrolyte 25e in order to produce electric power. 

Gases from the anode chamber 27 and cath- 
ode chamber 28 are directly introduced into the 
30 combustion chamber 30 of the reformer 26 via the 
pressure compensating line 41, i.e., the combustion 
chamber 30 is connected to the anode chamber 27 
and the cathode chamber 28. Therefore, the com- 
bustion chamber 30 compensates the pressure of 
35 the anode chamber 27 and cathode chamber 28 
without controlling electrode pressure difference at 
the entrances and exits of the anode and cathode 
chambers 27 and 28. In other words, the pressure 
difference between the anode and cathode can be 
40 maintained within a certain adequately small range. 

In addition, the anode exhaust gas which con- 
tains non-reacted hydrogen is used as fuel to the 
combustion chamber 30 and said gas is directly 
fed into the combustion chamber 30. Therefore, the 
~45^^iff^ence — between the _ anode~~ exhaust~gas tem^ 
perature (about 700 degrees C) and the reforming 
reaction temperature (about 750 degrees C) of the 
reforming chamber 29 is small, and the anode 
exhaust gas is burned by the high temperature 
so cathode exhaust gas (about 700 degrees C). Thus, 
a large amount of non-reacted hydrogen is not 
necessary to maintain the temperature of the re- 
forming- chamber 29. In comparison with the prior 
art system, the required amount of non-reacted 
55 hydrogen is made smaller, which results in higher 
fuel utilization efficiency and higher power genera- 
tion efficiency. 

Futhermore. the combustion gas from the com- 
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bustion chamber 30, which contains carbon dioxide 
and other gases, is a high temperature gas which 
contains not only the steam produced in the anode 
27a but also the steam produced upon combustion 
of the non-reacted hydrogen contained in the an- 
ode exhaust gas. Hence, a large amount of heat is 
recovered from the exhaust gases when the water 
is condensed and separated therefrom. 

Claims 

1. An electric power producing system using a 
molten carbonate type fuel cell (25). compris- 
ing; 

a molten carbonate type fuel cell (25) including 
an anode chamber (27) and a cathode cham- 
ber (28), air and carbon dioxide being fed into 
the cathode chamber (28) to cause power gen- 
eration; and 

a reformer (26) including a reforming chamber 
(29) for reforming fuel gas (31) into anode gas 
and a combustion chamber (30) for maintaining 
the reforming temperature of the reforming 
chamber (29). fuel gas (31) and steam (36) 
being fed into the reforming chamber (29) to 
reform them into hydrogen-rich gas, the gases 
discharged from the anode chamber (27) being 
introduced into the combustion chamber (30) 
and non-reacted gases in the gases dis- 
charged from the anode chamber (27) being 
burned with air (43), and heat produced by the 
combustion being utilized to heat the reforming 
chamber (29), 

characterized in that the fuel gas (31) is fed 
into the reforming chamber (29) of the re- 
former (26) with steam (36), that hydrogen-rich 
gas produced in the reforming chamber (29) is 
fed into the anode chamber (27) of the molten 
carbonate type fuel cell (25), that air (43) is 
introduced into the cathode chamber (28) of 
the molten carbonate type fuel cell (25), that 
gases from the anode chamber (27) are fed 
into the combustion chamber (30) of the re- 
former (26), that part of the gases from the 
cathode chamber (28) is fed into the combus- 
tion chamber (30) whereas the remainder is 
discharged from the system (48). and that gas- 
es from the combustion chamber (30) are sep- 
arated from water and then recirculated into 
the cathode chamber (28). 

2. The electric power producing system of claim 
1, wherein the fuel gas (31) is preheated by 
the hydrogen-rich gas, sulfurized and then fed 
into the reforming chamber (29) with the steam 
(36). 

3. The electric power producing system of claim 



1 or 2. wherein water is heated to steam (36) 
by the gases discharged from the combustion 
chamber (30), and then fed into the reforming 
chamber (29). 

5 

4. -j- n e electric power producing system of claim 
3, wherein the gases discharged from the com- 
bustion chamber (30), after heating the water, 
are cooled so that water contained therein is 

w condensed, and are recirculated with air (43) to 

the cathode chamber (28) after separation from 
the water. 

5. The electric power producing system of claim 
75 4, wherein the air (43) and the recirculated 

gases are preheated by , the gases discharged 
from the cathode chamber (28) to the outside 
of the system (48) and then recirculated to the 
cathode chamber (28). 

20 

5. The electric power producing system of any- 
one of the foregoing claims, wherein the gases 
discharged from the anode chamber (27) con- 
tain non-reacted hydrogen which is burned in 

25 the combustion chamber (30) with air con- 

tained in the gases, discharged from the cath- 
ode chamber (28), and the combustion in the 
combustion chamber (30) heats the reforming 
chamber (29) to maintain the temperature of 

30 the reforming reaction in the reforming cham- 

ber (29). ■ 

7. The electric power producing system of any- 
one of the foregoing claims, wherein gas pres- 

35 sure in the anode chamber (27) and gas pres- 

sure in the cathode chamber (28) are equal- 
ized by directly feeding into the combustion 
chamber (30) the gases discharged from the 
anode chamber (27) and the gases discharged 

40 from the cathode chamber (28) so that a pres- 

sure difference between the anode chamber 
(27) and the cathode chamber (28) is com- 
pensated. 

45 8, An electric power producing system using a 
molten carbonate type fuel cell (25), compris- 
ing: 

a molten carbonate type fuel cell (25) including 
an electrolyte (25e), an anode (27a) and a 

50 cathode (28c). the electrolyte (25e) being 

sandwiched by the anode (27a) and cathode 
(28c), the anode (27a) being provided with an 
anode chamber (27) through which hydrogen 
gas is fed to the anode (27a) and the cathode 

55 (28c) being provided with a cathode chamber 

through which air (43) and carbon dioxide are 
fed to the cathode (28c); and 
a reformer (26) including a reforming chamber 
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14. 



(29) for reforming fuel gas (31) with steam (36) 12. 
into anode gas and a combustion chamber (30) 
for maintaining the reforming temperature of 
the reforming chamber (29), 

characterized in that the system further com- 5 
prises: 

a fuel feed line (35) for feeding the fuel gas 

(31) into the reforming chamber (29) of the 13. 

reformer (26); 

a steam feed line (40) for feeding the steam 10 
(36) into the fuel feed line (35); 
an anode gas feed line (53) for feeding the 
anode gas produced in the reforming chamber 
(29) into the anode chamber (27); 
a cathode gas feed line (46) for feeding cath- 75 
ode gas into the cathode chamber (28); 
air feed means (44) for introducing air (43) into 
the cathode gas feed line (46); 
an anode exhaust gas line (41a) connecting the 
anode chamber (27) with the combustion 20 
chamber (30) for introducing the gases dis- 
charged from the anode chamber (27) into the 
combustion chamber (30); 
a cathode exhaust gas line (41b) connecting 
the cathode chamber (28) with the combustion 25 
chamber (30) for feeding the gases discharged 
from the cathode chamber (28) into the com- 
bustion chamber (30); 

a cathode exhaust gas discharge line (48) 
branched from the cathode exhaust gas line 30 
(41b) for discharging part of the gases dis- 
charged from the cathode chamber (28) out of 
the system (48); and 

a recycle line (52, 52a) connecting the com- 
bustion chamber (30) with the cathode gas 35 
feed line (46) for recirculating gases dis- 
charged from the combustion chamber (30) 
into the cathode gas feed line (46). 



15. 



16. 



The electric power producing system of claim 
8, 9 or 10, wherein an ejector (34) is con- 
nected to the fuel feed line (35) and to the 
steam feed line (40) so that the fuel gas (31) is 
mixed with the steam in the ejector (34) and 
fed to the reformer (26). 

The electric power producing system of any- 
one of claims 8 to 12, wherein the anode 
exhaust gas line (41a) communicates with the 
cathode exhaust gas line (41b) via the com- 
bustion chamber (30) so that a pressure dif- 
ference between the anode chamber (27) and 
the cathode chamber (28) is compensated. 

The electric power producing system of any- 
one of claims 8 to 13, wherein the recycle line 
(52, 52a) includes a cooling device (38,39,49) 
for condensing the steam (36) contained in the 
gases discharged from the combustion cham- 
ber (30) and further includes a gas-liquid sepa- 
rating device (50) for separating the condensed 
water from the gases. 

The electric power producing system of claim 
14, wherein the cooling device (38,39,49) in- 
cludes a heat exchanger (38,39) for vaporizing 
the water supplied. 

The electric power producing system of claim 
14 or 15, wherein the gases whose moisture 
has been removed by the gas-liquid separating 
device (50) are recirculated by a blower (51) 
into the cathode gas feed line (46). 



9. The electric power producing system of claim 

8, wherein a preheater (32) is connected to the 
fuel feed line (35) and to the anode gas feed 
line (53) for heat exchanging the fuel gas and 
the reformed gas. 

10. The electric power producing system of claim 

9, wherein a desulfurizer (33) is connected to 
the fuel feed line (35). 
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11. The electric power producing system of claim so 
8 or 9, wherein the steam feed line (40) is 
connected to a water feed line (36), and a heat 
exchanger (38,39) through which: the gases 
discharged from the combustion chamber (30) 
for recirculation flow is connected to the water 55 
feed line (36) so that water supplied through 
the water feed line (36) is vaporized. 
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